T he rising prevalence of type 2 diabetes poses a major clinical, economic, and societal burden in India (1, 2) . The cost of diabetes care is high and is escalating worldwide. There are only sparse data available from developing countries on the expenditure on diabetes care (3) (4) (5) (6) (7) (8) (9) . In developing countries like India, which lacks a comprehensive health care system, availability of uniform documentation of medical details, especially the cost of treatment, is limited. Both private and public health care systems exist. The government-organized hospitals offer free treatment to the poor. No uniform norms exist for management of diseases. A chronic care model is lacking, except in a few private centers. Private health care is preferred by many, although it is more costly. There are only a few studies from India on the cost of diabetes care (5) (6) (7) (8) (9) . In our previous publications, the direct expenditure incurred by families for diabetes care in India was reported. One of the major findings was that subjects with the lowest income spent as much as 25% of their annual income on treating diabetes. In this study, we have assessed the trend with time of expenditure on diabetes care in urban populations.
RESEARCH DESIGN AND
METHODS -The study sample of type 2 diabetic subjects was drawn from various hospitals, clinics, and general practitioners in urban and rural areas of seven states in India. The physicians were selected at random from different regions of the country, and they were asked to collect data from consecutive diabetic cases for 1 month. The subjects were representative of the diabetic population receiving treatment in urban and rural areas of India.
A brief uniform coded questionnaire was used. This consisted of 24 items, which included demographic variables and items related to the direct costs of health care to the patient. (A copy of the questionnaire is available from the authors on request.) The questions on direct costs were about expenditure on 1) medications, 2) laboratory tests and other investigations, 3) medical consultations, 4) hospitalizations, and 5) surgery expenses. In both studies, the details were collected using a similar questionnaire (5). The questionnaire was administered individually to all diabetic subjects after obtaining their consent. The elicited response to each question was recorded, and the process took ϳ25 min per person.
Validity of the direct costs reported by the subjects was tested by comparing it with bills in a random subsample of 158 subjects. Family income was a self-reported annual earning. This was validated against the possession of wealth asset indexes, such as possession of one's own house, automobiles, or agricultural lands. If gross disparities were noted in the reported income, appropriate correction was made in the categorization of income. The annual income of the subjects were arbitrarily classified into four levels. These were (in rupees [Rs]) 1) Ͻ40,000 ($909), 2) 40,000 -80,000 ($909 -1,818), 3) Ͼ80,000 -120,000 ($1,818 -2,727), and 4) Ͼ120,000 ($2,727). The costs were analyzed in relation to presence and number of complications (zero, one, and two or more). RESULTS -The data were collected from 556 subjects (urban ϭ 309, rural ϭ 247); none refused to answer any of the questions. The questionnaire results of 158 subjects were compared with the entries on the relevant institution's bills, and there were no significant differences between the reported cost and the bills. Median bill values (total cost) were Rs 9,742 ($221.4) (range 300 -153,120 [$7.0 -3,480]), reported value was Rs 11,000 ($250) (1,000 -88,000 [$23-2,000]), and z was Ϫ1.89 (P ϭ 0.06). Therefore, the direct cost data given by the subjects were accepted as valid.
Statistical analyses
The demographic data of the subjects are presented in Table 1 . Urban subjects had higher mean income and education and significantly longer duration of diabetes than the rural subjects. They had significantly higher family income (Rs 100,000 or $2,272) than the rural subjects (Rs 36,000 or $818) (P Ͻ 0.001) ( Table 2 ). The total median expenditure on diabetes care was Rs 10,000 ($227) in the urban subjects, whereas it was Rs 6,260 ($142) in rural subjects (P Ͻ 0.001). Urban subjects spent a significantly higher amount on medications than the rural subjects, as well as for laboratory tests and medical consultation (P Ͻ 0.001 for all comparisons). Expenses on surgery were higher in urban subjects (Rs 21,000 or $ 477) versus rural The proportions of income spent on diabetes care by the urban low-, middle-, upper middle-, and high-income groups were 34.0, 16.9, 9.3, and 4.8%, respectively. The corresponding percentages in the rural population were 27.0, 12.6, 9.0, and 5.0%, respectively. Urban and rural subjects in the low-income group spent 34.0% and 27.0% of their income, respectively, for diabetes care.
Expenditure proportionately increased with the number of complications. Expenditure on treatment of complications varied significantly between the populations (Fig. 1 ). There were no significant urban-rural differences in the prevalence of complications. In the urban subjects, 56.9% had no complications, 29.4% had one complication, and 13.5% had two or more complications. In the rural group, 56.6% had no complications, 29.5% had one complication, and 13.7% had two or more complications.
Multivariate regression analysis showed that the expenditure increased significantly with the presence of complications (␤ ϭ 9,877, P Ͻ 0.0001), duration of diabetes (␤ ϭ 801, P Ͻ 0.0001), urban habitat (␤ ϭ 8,757, P Ͻ 0.0001), insulin treatment (␤ ϭ 5,516, P Ͻ 0.0001), surgery (␤ ϭ 15,787, P Ͻ 0.0001), and hospitalization (␤ ϭ 16,548, P Ͻ 0.0001). The model explained 33% of the variations.
When the present data from the urban sample were compared with the data of 1998, significant differences were noted. Annual income had increased twofold from Rs 48,000 ($1,091) to Rs 100,000 ($2,273) (P Ͻ 0.0001). The families' median expenditure on diabetes health care in 1998 was Rs 4,510 ($103), and it had more than doubled by 2005: Rs 10,000 ($227) (P Ͻ 0.0001). The increase was significant in all components of diabetes care (P Ͻ 0.0001 for all comparisons). The direct cost was computed to account for inflation, which is shown in Table 3 . The corrected median expenditure of the urban sample had more than doubled from Rs 4,194 ($95) in 1998 to Rs 8,930 ($203) in 2005. Significant increases were observed in all components of the expenditure (P Ͻ 0.0003 in all comparisons). The largest increase was on expenses of surgery (632%), and the least was on expenditure of medications (39.5%). The annual cost of diabetes care had increased by 112.9%, while there was only a 108.0% increase in the annual income.
There was an increase in the proportion of income spent on diabetes care, between 1998 and 2005, which was statistically significant in all categories of family income except in the high-income group (Fig. 2) . The largest proportional increase was seen in the lowest economic group (34.0 vs. 24.5%) (P Ͻ 0.01).
Medical reimbursement was obtained in 14.2% of urban, but in only 3.2% of rural, subjects. The proportion of subjects receiving reimbursement was the highest (21.3%) in the urban higher-income group.
CONCLUSIONS -T h e p r e s e n t study illustrates the increasing trend in expenditure on diabetes care in this developing country. The study sample was collected from different urban and rural regions of India to represent the national populations. Urban families spent more on diabetes than rural families, both as absolute values and as proportions of family income. This was due to the higher expenditure on medical consultations, laboratory investigations, and medications and may be partly attributed to the differences in the availability of these more expensive treatments in urban areas. However, it cannot be inferred from these results alone whether this availability leads to better quality of health care. Studies on the outcome of care in urban and rural settings are needed, which account for the variations in confounding factors such as diet, physical activity, and the influence of comorbidity. Awareness of diabetes is likely to be better in urban than in rural subjects due to higher literacy levels in the former. Awareness of diabetes is the subject of an on-going study being carried out under the Diabetes Action Now program (10). Moreover, both diabetic subjects and many medical practitioners lack awareness of the need for constant disease monitoring and consistent glycemic control, and this may also differ in urban and rural settings (11) . The apparent contradiction of lower-income groups spending a higher proportion of their income on diabetes care among both the populations, but rural residents spending a lower proportion of their income on diabetes care than urban residents, may be explained by the combination of greater availability and awareness of diabetes care among urban poor.
The proportion of annual income spent on health care by the urban poor has increased from 24.5% in 1998 to 34.0% in 2005. This is an important observation, as subjects with limited financial resources continue to spend a major proportion of their income on diabetes management. This scenario has been found to be similar even in the developed countries (12) . In India, the expenditure on health care is borne mainly from selfearned resources. Only 6.4% of the urban low-income group received medical reimbursement, whereas this was 21.3% in the high-income group. In urban settings, the concepts of health insurance and mediclaim policies seem better understood and are utilized by the high-income group. Even the urban low-income group prefers treatment from private practitioners or health centers rather than government hospitals (5) . Although private health care facilities are sought after, it is likely that many patients may cross over to public health care facilities. We lack data on this aspect.
The cost of diabetes care in urban areas showed a twofold increase from 1998 to 2005, due to significantly increased expenditure on diabetes medications, laboratory tests, medical consultations, hospitalizations, and surgical procedures. Presence of complications, duration of diabetes, need for surgery, and hospitalization increased the expenditure considerably. Similar observations were made in the study done in 1998 (7), which showed that diabetic subjects with foot infections had costs threefold higher than subjects with no complications, and costs increased further when hospitalization was required. According to Bjork (13) , three times the health care resources were being spent on diabetes complications than on diabetes control. Jö nsson et al. (14) made an important observation that young adults diagnosed with diabetes between ages 15 and 34 years spent larger amounts on diabetes care, which decreased in subsequent years. A second phase of high cost might result with the onset of complications.
The direct cost of diabetes care in India has been reported by others (8, 9, 11) . There was one report (11) on the indirect cost from this part of the world, being Rs 12,756 ($290). The methodological difficulties of estimating indirect costs, particularly in developing countries, are many. The present study did not attempt to principally estimate indirect cost because the main foci of this study were the comparisons of direct costs and comparisons between income groups, urban and rural settings, and between 1998 and 2005.
The major limitations of the study were as follows: there could have been some underreporting of family income, which would have caused an overestimation of the percentage of income spent on health care. This was most likely to have occurred in the high-income group. However, similar bias is likely to have existed even in the previous study. Therefore, the comparisons of the two datasets are likely to be valid. Secondly, we did not have data on a comparison population showing the expenses on general health care. The major objective of the study was to note the cost of treating a chronic disease, which would be higher than that of general health care, and also to see whether it is increased with time.
The present study indicated that the economic burden of diabetes care on families in developing countries is rising rapidly, even after accounting for the inflation. Further studies of these costs in India and other developing countries might address in more detail factors such as the duration of diabetes, diabetes treatments, the extent of glycemic and other metabolic control, the presence and severity of diabetes complications, and important comobidities, which influence personal and family costs. Such studies have been published on developed countries (e.g., Brandle et al. [15] ) with methods, that could be adapted to developing countries. They have demonstrated the substantial impact that several of these factors have on diabetes costs. 
